Abstract: Hidradenitis suppurativa (HS) is a chronic, recurrent, inflammatory skin disease that affects the hair follicles of the aprocrine gland-bearing anatomical areas of the body. It is characterized by deep painful nodules and abscesses that rupture and contribute to the formation of sinus tracks and scarring. The management of HS is based on the assessment of disease severity and a combination of medical and surgical treatment according to the European Guidelines. Adalimumab, a recombinant, fully humanized, anti-tumor necrosis factor alpha (anti-TNF-α) monoclonal antibody, is the only officially approved treatment for the management of moderateto-severe HS. Case reports, concerning 42 patients who received adalimumab for severe HS (with the standard dose regimen for psoriasis), reported a cumulative response rate of 58% (≥50% in 23 patients) with a relapse rate of 71% (10 out of 14 patients). The most recent and most well-powered phase III, randomized placebo-controlled trials for the evaluation of the efficacy and safety of adalimumab in treatment of moderate-to-severe HS (PIONEER studies I and II) showed that the Hidradenitis Suppurativa Clinical Response (HiSCR) rate at week 12 was significantly higher for patients randomized to adalimumab compared to placebo. Adverse events were comparable to placebo. In conclusion, adalimumab, to date, holds the most robust data regarding treatment efficacy in HS. Larger, registry-based studies are needed to further establish the efficacy and safety profile of this anti-TNF-α agent in HS.
Introduction
Hidradenitis suppurativa (HS) is a chronic, recurrent, inflammatory skin disease that affects the hair follicles of the aprocrine gland-bearing anatomical areas of the body. 1 It is characterized by deep painful nodules and abscesses that rupture and contribute to the formation of sinus tracks and scarring. 2 The axillae, inguinal, anogenital regions and mammary, and inframammary areas are the most commonly affected parts of the body. 3 The diagnosis of the disease is based on the following findings: history of recurrent, painful, suppurating lesions in intertrigenous body areas for two or more times in 6 months. 2 The exact prevalence of the disease is uncertain, though, it is believed that it ranges between 1% and 4%. 4 Its estimated incidence -according to a study by Vazquez et al -reaches 6.0 cases per 100,000 person years. [5] [6] [7] HS most frequently occurs in young adults during the second and third decade of their life. 8, 9 There is a characteristic female predominance (female to male ratio 3:1), although males tend to suffer from more severe symptoms of the disease.
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Fotiadou et al Follicular occlusion is now considered the main pathogenetic event in HS. 11 Evidently, an imbalance of the immune system which precedes and/or follows follicular occlusion -in genetically predisposed individuals -also plays an important role in course of the disease. 3, [12] [13] [14] A genetic background, expressed with an autosomal dominant inheritance pattern, is present in about 40% of patients suffering from HS. 15 Certain trigger factors such as smoking ( 70%-88.9% of cases), obesity (50% of cases), mechanical friction and to a lesser extent, hormones, drugs, and depilation seem to contribute to the manifestation of this entity. [16] [17] [18] [19] [20] A matter of controversy among authors is the possibility that the alteration of microbial flora and the formation of bacterial biofilms could act as a predisposing factor for HS patients. [21] [22] [23] HS has been associated with several comorbid autoinflammatory disorders (inflammatory bowel disease and spondyloarthropathy) as well as pyoderma gangrenosum and epithelial tumors (squamous cell carcinomas). 1, 5, [24] [25] [26] HS patients experience a negative impact on physical, social, and emotional aspects of their life. 27 As a consequence, patients have a poor quality of life that is assessed using the Dermatology Life Quality Index (DLQI), whose value ranges between 8.4 and 12.7 in several studies. [28] [29] [30] 
Advances in the management of HS
The strategic management of HS is based on the assessment of disease severity and a combination of medical and surgical treatment according to the European Guidelines.
2,31 All patients with HS could benefit from adjuvant therapy which may include pain management, treatment of super-infections, as well as weight loss and smoking cessation. 2, 31 In terms of surgical intervention, procedures such as deroofing, laser, local excision, or even wide excision could be implemented depending on the type and extent of abscesses and the severity of scaring in each individual case. 2, 31 The management of the inflammatory component of the HS is based on medical treatment. For mild disease (1-2 small abscesses or inflammatory nodules), topical clindamycin 1% twice daily may be helpful. If the patient does not respond or has moderate-to-severe disease, the administration of tetracycline 500 mg po (orally) twice daily for 4 months or even the combination of clindamycin 300 mg po twice daily along with rifampicin 600 mg once daily for 10 weeks should be considered. 2, 31 The next treatment choice in the occasion of no improvement is adalimumab 160 mg at week 0, 80 mg at week 2, and then 40 mg subcutaneously (sc) every week. 31 If this treatment is effective, it should be maintained as long as the lesions are present. 31 In the case of no response, second-line (infliximab, acitretin) and third-line (cyclosporine, dapsone, hormones, isotretinoin, alitretinoin, colchicines) treatments should be tried.
2,31
Rationale for the use of adalimumab in the treatment of HS Adalimumab is the only officially approved treatment for the management of moderate-to-severe HS by both the European Medicines Agency (EMA, June 2015) and the US Food and Drug Administration (FDA, September 2015) with a recommended dose of 160 mg sc at week 0, 80 mg sc at week 2, and then 40 mg every week starting from week 4. It is a recombinant, fully humanized, anti-tumor necrosis factor alpha (anti-TNF-α) monoclonal antibody (IgG1) that has high affinity and specificity for TNF-α. Adalimumab binds both soluble and membrane-bound forms of TNF-α and inhibits its activities by blocking its interaction with p55 and p75 cell surface TNF-α receptors. 32 Preliminary, serendipitous evidence that anti-TNF-α agents could be effective in the management of HS came from the discipline of gastroenterology and was first reported in patients with associated Crohn's disease. 33 These patients were treated with anti-TNF-α agents for their Crohn's disease and simultaneously exhibited clear improvement in their HS. 33, 34 Based on these observations, several studies have been conducted in order to unravel a possible role of TNF-α and other proinflammatory cytokines in the pathogenesis of HS. [35] [36] [37] Moreover, case reports, series, and later clinical trials have focused on the efficacy of adalimumab and other TNF-α inhibitors in the treatment of HS.
Indeed, in an in vivo study by Matusiak et al, the serum concentration of TNF-α in patients with HS was significantly higher compared with that of healthy controls, although it was not correlated with disease severity. 35 In another study by van der Zee et al, the levels of TNF-α along with interleukin 1β (IL-1β) and IL-10 were elevated in lesional and perilesional skin of patients with HS compared with healthy controls and even psoriatic skin. 36 These results demonstrated the strongly inflammatory nature of HS and showed that inflammation extends beyond the visibly inflamed border. 36 The same author in another in situ and ex vivo study, which was part of larger placebo-controlled double-blind phase IIb trial on the efficacy and safety of adalimumab in patients with moderate-to-severe HS, showed that adalimumab treatment inhibits important cytokines (IL-1β) and inflammatory cell 
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Adalimumab in the treatment of hidradenitis suppurativa numbers (CD11c+ dendritic cells) in lesional skin. 37 Also, in this study, it was evident that lack of clinical improvement highly correlated with the lack of alterations in the leucocyte subset scores and cytokine levels. 37 
Real life evidence about the use of adalimumab in HS -early case series and open-label studies
The first data about the efficacy of adalimumab on HS came from several case series in the majority of which the drug was administered with the standard dose regimen of psoriasis (80 mg sc at week 0, 40 mg sc at week 1, and then 40 mg sc every other week). Unfortunately, in each study a different tool for the evaluation of improvement was used and this did not allow for direct comparisons between them.
In general, case reports concerning 42 patients who received adalimumab for severe HS reported a cumulative response rate of 58% (≥50% in 23 patients) with a relapse rate of 71% (10 out of 14 patients). 2, [38] [39] [40] [41] In the majority of patients, the drug was well tolerated. In a study by Arenbergerova et al, eight patients with severe HS were treated for 1 year with adalimumab in a standard psoriasis regimen and were subsequently followed for 1 year. 40 All patients improved within 4-6 weeks. Three of them demonstrated long-lasting improvement, while five showed recurrences after a mean disease-free period of 9.5 months. 40 Blanco et al used adalimumab in six patients with the previously mentioned dose regimen. All of the patients exhibited significant improvements in DLQI and in the number of affected areas, nodules, and fistulas. These results were maintained for a mean follow-up period of 21.5 months. 41 In two open-label prospective studies, adalimumab was administered in doses higher than the approved regimen for psoriasis. Amano et al treated 10 HS patients with adalimumab for 12 weeks at doses of 160 mg sc at week 0, 80 mg sc at week 1, and the 40 mg sc every other week. 42 Clinically significant improvement was not observed in any of the six patients who completed the study. 42 Sotiriou et al in another open, prospective study with 15 patients suffering from moderate-to-severe HS administered adalimumab with the following dose: 80 mg sc at week 0 and then 40 mg sc every week for 24 weeks. Significant reduction in Sartorius score was obtained at week 24 with a marked improvement during the first month. 43 Mean time to relapse was 11 weeks after treatment cessation, but even at the final visit, Sartorius score was lower than at baseline. Miller et al conducted a prospective, double-blind, placebocontrolled clinical trial which included 21 patients who suffered from severe HS (Hurley stage II and III) for at least 6 months. 44 Fifteen patients received adalimumab (80 mg sc at baseline followed by 40 mg every other week) for 12 weeks, while seven patients received placebo (1:2 placebo/active). 44 A significant reduction in Sartorius score was seen after 6 weeks and an almost significant reduction after 12 weeks of active treatment when compared with placebo (P=0.024 and P=0.07, respectively). 44 Adalimumab was well tolerated, in general, but the active group experienced an almost significantly greater number of adverse events (mostly mild infections). 44 Kimbal et al conducted an even larger double-blind placebo-controlled randomized trial that included 154 patients with moderate-to-severe HS who were unresponsive or intolerant to oral antibiotics. 45 Patients were randomized to receive adalimumab (1:1:1) either 40 mg sc once weekly or 40 mg sc every other week or placebo for 16 weeks (period 1). 45 Then all patients received adalimumab, 40 mg every other week, at the beginning of period 2, but switched to weekly dosing if the response was suboptimal (HS-PGA score of moderate or worse) at weeks 28 or 31. 45 At week 16, clinical responses (i.e. an HS-PGA score of clear, minimal, or mild with at least a 2-grade improvement relative to baseline) were achieved by 17.6% of weekly patients, 9.6% of every-other-week patients, and 3.9% of placebo patients. 45 A decrease in response was observed after the switch from weekly to every-other-week dosing in period 2. 45 Headache and injection site reactions were the most common adverse events, while the serious adverse event rates were 3.9%, 5.8%, and 7.8% for placebo, every-other-week, and weekly patients, respectively. 45 
PIONeeR study
The most recent and most well-powered phase III, randomized placebo-controlled trial for the evaluation of the efficacy and safety of adalimumab in treatment of moderate-to-severe HS is the PIONEER study ( I and II). 46, 47 In this study, patients who had an established diagnosis (duration ≥1 year) of moderate-to-severe HS (lesions in ≥2 distinct body areas, one of which must be Hurley II or III)
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Fotiadou et al were randomized (1:1) to receive either placebo or adalimumab 40 mg weekly for 12 weeks (period A). Specifically, the adalimumab group received 160 mg at week 0, followed by 80 mg at week 2 and 40 mg weekly from week 4 through week 12. After the initial period A, they were re-randomized to receive adalimumab either 40 mg weekly or 40 mg every other week versus placebo. Those patients who were in the placebo group during period A were randomized to receive either 40 mg weekly (PIONEER I) or placebo (PIONEER II).
In total, 633 patients participated in these two studies (PIONEER I: 307, PIONEER II: 321). The primary efficacy end point, in both studies, was the proportion of patients achieving a Hidradenitis Suppurativa Clinical Response (HiSCR), defined as >50% reduction from baseline in total abscess and inflammatory nodule count, and no increase in abscess and draining fistula count. Secondary end points were the proportion of patients who achieved ≥30% reduction from baseline (partial response) and the change in modified Sartorius score from baseline to week 12, among others.
In PIONEER I (period A) study, a significantly higher proportion of patients randomized to adalimumab achieved the primary efficacy end point HiSCR at week 12: adalimumab (64/153, 41.8%) versus placebo (40/154, 26.0%; P=0.003). Adverse events were comparable to placebo and consistent with the adalimumab safety profile; no new risks were identified. In PIONEER II (period B) study, HiSCR rate at week 12 was significantly higher for patients randomized to adalimumab (96/163, 58.9%) versus placebo (45/163, 27.6%; P<0.001). Statistically significant differences in the treatment were observed for all secondary end points, with more emphasis to the marked reduction in skin pain. DLQI was greatly improved in the adalimumab-treated patients and 50% of them reached the minimal clinically important difference, thus achieving a clear improvement in the quality of life. 48 The safety profile for patients in both treatment groups was comparable. It must be pointed out that in both studies the improvement observed in the adalimumab group was evident as early as week 2, when compared to placebo.
Comparison with other biologic agents
Infliximab is a chimeric mouse/human monoclonal antibody against both the membrane-bound and soluble TNF-α. It has the longest "tradition" in the treatment of HS since the first observations about a possible role of anti-TNF-α agents in the management of HS were made in patients with inflammatory bowel disease who suffered also from HS and were treated with infliximab. 33, 34 Ten cohort studies with at least four and no more than 11 patients in each study (around 73 patients in total) have been published regarding the use of infliximab in moderate-to-severe HS. 2, 3, 49 Almost all of these studies found that some of the patients improved with treatment. However, it seems that the best results were achieved with a more intensified regimen of 5 mg/kg at weeks 0, 2, 6 and monthly thereafter, compared with the infliximab treatment scheme for psoriasis. 50 A recurrence rate of about 43% was observed after cessation of treatment in these case reports. 2 The only randomized placebo-controlled trial on the use of infliximab in the treatment of HS was the one performed by Grant et al. 51 In this 8-week study, 33 patients with moderateto-severe HS were treated with infliximab 5 mg/kg at weeks 0, 2, and 6 or placebo. After the eighth week, there was a crossover and patients from the placebo group could take infliximab with the previously mentioned regimen. The outcome measure used in this study was HS Severity Index (HSSI). At week 8, 25% of patients had at least 50% reduction of HSSI from baseline, but this did not reach statistical significance versus placebo (primary efficacy outcome was not achieved). 51 However, 20%-60% of patients, at week 8, reached a 25%-50% improvement in HSSI which was statistically significant compared with placebo. 51 DLQI also showed considerable improvement. 51 Recurrences occurred after discontinuation of treatment. In a retrospective comparative study with 20 HS patients (1:1), infliximab achieved a significantly greater improvement in mean Sartorius score (56%) compared with adalimumab (34%). 50 Infliximab was administered at 5 mg/kg intravenously at weeks 0, 2, and 6, while adalimumab was given at 40 mg sc every other week, which is not the recommended dose for HS. 50 A very recent retrospective national cohort study, which included 67 patients who received anti-TNF-α agents for HS, concluded that adalimumab seems to be more effective than infliximab and etanercept in the treatment of severe HS. 52 Etanercept is a fusion recombinant protein, which fuses with the TNF receptor and interferes with TNF-α binding. According to several case reports, it has been administrated with a dose regimen of 25 mg sc twice weekly, in about 34 patients with encouraging outcomes. 2, [53] [54] However, in the only randomized placebo-controlled trial on the use of etanercept in HS (n=20 patients), the dose regimen was 50 mg sc twice weekly for 3 months and there was no significant difference compared with placebo. 
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Adalimumab in the treatment of hidradenitis suppurativa described in one case report with three patients. 56 The dose regimen used was 45 mg sc at weeks 0, 4, and 16. One of the three patients (33%) exhibited an improvement of ≥50%. 56 However, it is too early to decisively conclude about the effectiveness of this biologic agent in psoriasis.
Anakinra is a recombinant form of the human IL-1 receptor antagonist that inhibits the biologic activity of IL-1α and IL-1β. It has been tried in several cases of severe HS. Initial sporadic case reports have produced contradictory outcomes, while an open-label study by Leslie et al has shown a satisfactory response (i.e. decrease of Sartorius score) in five out of six patients. [57] [58] [59] [60] Recently, Tzanetakou et al conducted a double-blind, randomized, placebo-controlled clinical trial with a very promising outcome. 61 It included 10 patients who received once-daily subcutaneous injection of anakinra 100 mg for 12 weeks and 10 controls. An HiSCR was achieved by 78% of patients in the anakinra group and by only 20% of patients in the control group. However, larger studies are needed in order to confirm these results.
Conclusion
In the era of evidence-based medicine and the new understanding of the inflammatory pathways that characterize HS, adalimumab, to date, holds the most robust data regarding efficacy in the treatment of the disease. Apparently, adalimumab can contribute to the optimal control of the inflammatory burden of the disease and hopefully in a second level could prevent scarring. However, future larger registry-based studies are needed to further establish the efficacy and safety profile of this anti-TNF-α agent in HS.
